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(54) VARIABLE VALVE TIMING CONTROL DEVICE 

(57)Abstract: 

PURPOSE:To reduce useless oil consumption by preventing 
excessive lowering of an Intake pressure at the time of totally- 
closing of a throttle, and suppressing oil rising which may caused by 
the intake pressure lowering. 

CONSTITUTION: A variable valve timing control device Is provided 
with a variable valve timing mechanism which adjusts a closing 
timing of a intake valve 9, various kinds of sensors 31 to 34. and an 
electronic control device (ECU) 48 which controls the variable valve 
timing mechanism based on detection signals of the sensors 31 to 
34. The ECU 48 is operated such that a closing timing is set 
according to the operation condition when a throttle valve 25 is not 
totally closed, and the closing timing Is set to be slower than the 
timing according to the operation condition when the throttle valve 
25 is totally closed. The ECU 48 advances the closing timing of an 
Intake valve 9 once delayed, when the throttle valve 25 Is totally 
closed and an intake pressure is lower than a preset value, such 
that the low intake pressure should be the preset value. 
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cD<k^H«Sj*m4llTjKSS^nfcK«S«I^Xti, »gA 
1 27)t|i3&^nsiRJr»Sl*- h 1 1 *^6»SiiK6 

[0 0 151 HSiax^vVKDjUfet^^^r^^m-r^^/^i?) 

;t'y2 5(Dj5^nti, RXD^y h;i.A>ip:r2 hif^^m^ 
rnxz^^t^^ti^^^v^-^^bzL^xz. ±mm^ti\^^ 

if 3 i*«^WtbtiTi^So ::c;)XD'y hjHiS-tr>iJ' 
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X7^*yT^-^S^4 27&«ESSnTlr>So X7^^>7^^-i$^ 
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Xij-:/3 9(7)«.C^68$:affiLTV^^« -75. T'i^^'X 

u-y3 9irn, rtH(rrt^ai;4 4a*^fr^'<7U> 
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[0 0 2 4] th^^TJ)>^4A(r>9\^mm(0-mz\t«^ 
:^\^^^Zf^m4 4bf)mgLt^ti. COm4 4b{Z\t. 
We:tf-f K»$t4 5a)rt«f*|g!^t6n/tj5e4 5 a*«» 
AbTli^c C05§e4 5aH, tSe^7 U >y 4 4 CO 

ir^^o ftoT. :$^'f 5>y:/-U2 l<h«^fii|*Avv 
7 M 7 »:|HiebTl.i^ttt::, Tsy^yZf^-^ 

4 2f}mm^nrmw}^4 3f)mimMmmt^^n^t. 

©fe^rSlh^nT^i-S^TU >y4 4;i«ttiri^'\#ft$ 
n^bo Ctl\ZthU\^K ^7^)>!f4 4(DJSLnH^tlft 

rry^x^)-y3 9f)m-tb:^m--»Wi^n. ^^^> 

yy-U 2 1 <h®:^«l:^Av'\-7 h 1 7 tomzt&M^ 
feA«^i;TI^«g«;^jAvr7hl 7 

^.[0 0 2 5] zo^^iz. ^mmmoviiwvizf^^^ 

>y««l3 5Ttt, Xv'*y7^-^4 2^B»IKWT'5 

C<hlrJ:D, T'>^xg-y39(^W*l^fC43tt-5&© 
?5>^^M$n, ^OlSai<hbT«aill5t7Avi'7hl 7{r 

Si;o*^<*#$n«.o ;intc<fco, Ks;;t;u"r9<DiBi; 

5^4 20efte4 3;!>tiEe-r*iT'>:$^XU~y3 9;5t 

5 3 bK^/x;i.:/ 9 fioffl b i^^-f ^ >^y)^^^ 
ib^ti^. ^Tz. K®i®4 33&tJBC'r^t7«>^XU- 
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>tJ-3 1. ®mEEi:>lJ-3 2. @e&-fe>+h3 3&d:* 
ia-b>iJ-3 4««^H»«B (ECU) 48<n\:hm\z 
HaWJZffi^^^tlTl^^^ C(DECU4 soffit 

Wrt^Xx^y >^^-^4 2;5^«Stt(rtt^$nTl^^o 

Ecu4 8{i, ^<^>^mmmm^mRz:i^^-(^> 
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4 9^:. S^aiL#ffl;<^:U (iJ^TROMtlo) 5 1 
t. 7>5^A7^'feX>C^iJ (tilTRAMchC^^) 5 2 
<!:. X-hts-V^Zt. m^#-h5 44h$ffl^, Zti 
bHaiMlAXS 5trJ:oT»lK$nTl^^»o CPU4 

«[lS«:llfTU> R0M5 UiCPU4 9Ti^®:fflS^^ 

SlStT(.^6o ^tz. RAMS 2ttCPU4 9 0«||[lB 

(0 0 2 8] CPU4 9«, A**- h 5 3 *^M.TS(i 10 

«>o CPU4 9Jic:neottffl<i#Jc«i;T«a/tji.:/ 

9 0ffli;^-f^>:y<&Slffl'r-5f^«>tr. T.y'v'f^-^ 

VFrnms^mz-D^^^x^mt^o H4R«a5ttcpu 
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[0 0 3 0] J2lS:6«irco;b-^>tri^ffT^<h, CPU 
4 9«^rX7"yyi 0 ITXDu/ h;UffiK-k>1f3 1 

K4^SiT$»^/^^5*^€W^-r^o xp*> h;uA;u:/2 5 

7&<iklfltt«T/j:l^<h. CPU4 9HX7^^y7^1 0 2JE4PI 
[0 0 3 1] XT'yyi0 2T, CPU4 9«^0<ht 

(?)x>>?> 1 (oafettiBtc«i:fe!»mA;i.'/9oagifl 

i;^<^>y$:g:ait" ^« ^(DfztbiZ. CPU4 9tiX 30 
lHie»-t>1f3 3fcJ;^x>'v>|HjltoftNE. 

*®-fe>if3 4{rcks?&ai*taTHw^^n-ensi^^ii 

[0 0 3 21 CPU4 9«R^ii,A//fXPy K;i.WST 
A&C^X>>?>@eRNE/>^b, @6C0-7*;/7«r#fiSL 

Ji^a&ROMS lUiete^tXTV^^'focOT^O, I^V'y 

7(rHx>x>®eftNE&t;xp-y h;UBBa[TA^/s 
nri^^o ccTO!RaA-;uy9oifli;^>f 

KT4A6nT*5 0, »L<tj:, tfX h>37i«T5E,«tC 

^\z^%/VV:f9y)^mc^f)^^1k^'VyF:Lx^^^. 
j»fia|TJi> coiflU^-f ^>y/i«t:xh>3(7)T$E,S^ 
4 0" (ft'b^liBBD5^^S>i?') 1 1 0' (at 

[0 0 3 3] -tLT. CPU49«iflBBBi;^<^>^ 
i3TKan;P':/9*BBi;S13'-2)fc«)tCH. Xt^v7^- 
^4 20ffi»B4 3^> S<P&e3&^6<«IXxy'/®(£$ 50 
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nt. -e(Dtfr(^?&ai*aTHwtrjE;«;Ti&g?iiiiE* 

[00 34] «JUT. CPU49tt04(OXx*;/7'l 0 
3T> RAMS 2<omSX>J7JZ»ttSnTU^Xx!y 
7'^:-:$^4 2<7)IIXx*y y^avposit €:«^Ojitfo CICD 
IIXT^y^ftVposil li. SqiAS*^e>Xx»;;7'^-^ 
4 275t^lRtrHXxy'7^itA*SUH»ftUTl^^*>«: 
^^LfzmX$>^o tVX. CPU4 9{t8ft^Xx*y7^1 
0 2Tgffi$nfce«SX-r*;/a&Vstep7&>b::o^Xx 
•yT'ftVposit €«»L, X-r^yTSSTEPtT^o 
C^XT-^yyftSTEPtl. «m/t;i.:/9 0B«<!:'r'5 
H i; a > y (h^Ko Efl i; ^ < ^ > ^ <h (OfiM^ Xt^ 
y •:f^-^ 4 2 OlHlfe-r'^^XT^y y»<h UT« U^Sit) 

[0 0 3 5] ^LT. CPU49«Xx*yTl 0 4T. 
i[ieXx^y7»STEP3{fi roj "C?*)S3&^S55f>€:*05eT 
«>o Xx-y7^«:STEP7i« roj T*n«. CPU4 9 

r^o X-r^yT^ftSTEPd* roj "e>il^<!:, CPU4 

ift)^i^rtix\^'^i>tnmv. 7.7-y^\ o S'v^frr 

[0 0 3 61 Xx77 1 0 5T. CPU4 9fiX'ry7 • 
SSTEP7&* roj t):^€rViA^5A^^fiJ^'r^o X 
T^-yT'l&STEPTit roj <fcOt>:*;^(.^<i:» CPU4 9 
ttX7^u/:/^-:$^4 2€:iElte$1tS<&g*«*-5tW»r 
U> X7">yy 1 0 6T(Hlfe:*ffij*t^7^yD I R^ 

roj iiT^. ^rc. XT^^y^ficSTEPT^^ roj j^t 

T^St, CPU4 9liXT'!y7^t-^4 2*«te$'ti' 
^i^:>g7;i«^^t*lJ»rU, X5"yTl 0 7TSaiB®fi*|Sl 
It^^^^D I R^ f Ij HT^, Z.(T>^^\Z\X. T.'r 
yyX 0 3T*J6bn^'r-v:r^:-^4 2(^0(b*r'^# 
X7"yraSTEP75t^(0Mt;^j:5cOT. Xr-^vTlO 
8TX5ry7^«CSTEP (0«e«fi«: <!: 0 ^n^\z%m 

[0 0 3 7] *OX7-7:/l 0 9T. CPU4 9HlsiG 

0fe*fS]}i^7^yD I R;it f Ij Xh^t. CP 
U4 9«Xxy71 1 0TX7"*yyt-:$^4 2<De»fii 
4 3 ^x5?G$1!:^fcft?>Oli®i®^€:ai:fJ3i^- h 5 4 
1^X7^:7 7^-^4 2 f:ffi:^-r§. r^t. eBifSj4 3 
;^UXx*yyiC»«b>tftffifcntiECL.. 7C^^XU- 
73 9}fO«@3(Ofe:^'\i^®j-r^= rn(C<tO. :$'-f^> 
y7-U2 lihlftmfil;^?^^^^^ 7 <»:(^raicffi*tlHl 
(b^^J^UT^KaM/jAvr^hl 7 icgUO 
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[0 0 3 8] ^n<LH)£(I, SSEXxyT'l 0 9T0e 
:&r^fg?K7^yD I R/lWOj Tfe^ch. CPU4 9ti 

OBft<I^*ffl*3}t- h 5 4 ^itbTs'ry -^^-9 4 2 

[0 0 3 9] ^l^T. CPU4 9l^Xx-y 1 2T, 
i^^XT-yT^l 0 3T<DXx:y>^gCSTEP;{>^^ Tij 

bTB^aixSo ^LT, CPU4 9ttXT-;^:^l 1 3 

tzt-7T»step75« roj xh^t^-^is^^vc^x^. 

roj ^/k-S^-CXxyT^l 0 9-1 1 2a)ffiS&«0 
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+-Cfe^^:fiJ»rUT05(^Xxy:^l 2 0'^»fTU. « 

CPU4 9tlX7^^;/71 2 IT. S^^>i^/^c®mffiMV 
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Variable Valve Timing Control Device 
(57) [Abstract] 
[Purpose] 

To reduce oil consumption waste by preventing a drastic drop of intake pressure during 
the total opening of the throttle and control of oil rise caused by the drop of intake 
pressure 

[Constitution] 

The variable valve timing control device comprises a variable valve timing mechanism 
for closing the intake valve 9 to adjust the timing, various sensors 31^34, and an 
electronic control unit (ECU) 48 for controlling the variable valve timing mechanism 
based on signals detected by the sensors 31 ~ 34. ECU 48 sets the closure timing 
corresponding to driving status when throttle valve 25 is not totally open, and sets the 
closure timing to be slower than that corresponding to the driving status when throttle 
valve 25 is totally open Moreover, ECU 48 makes the closure timing of intake valve, 
which is once made slower, to be faster to bring the intake pressure to a 
pre-determined value when throttle valve 25 is totally opened and the intake pressure 
is lower than a pre-determined value. 

54- Output port 
53- Input port 

1. engine 4. Combustion chamber 5. Intake passage 9. Intake valve 25. 
Throttle valve 31. Throttle opening level sensor 32. Intake pressure sensor 
33. Rotation number sensor 34. Water temperature sensor 



[Scope of Claims] 



[Claim 1] 

A variable valve timing control device provided with: 

a variable valve timing mechanism for adjusting closure timing of the intake valve that 
opens and closes the intake passage to the combustion chamber in a combustion engine 
based on the driving state of the combustion engine, 

a driving state detection means for detecting the driving state of the combustion 
engine, 

a throttle total closure detection means for detecting whether or not the throttle valve 
installed in the intake passage is totally closed, and 

a timing switching control means for setting the closure timing of the intake valve 
through the variable valve timing mechanism to a timing corresponding to the driving 
state detected by the driving state detection means when the condition of the throttle 
valve detected by the throttle total closure detection means is not totally closed, and 
setting the closure timing of the intake valve to be slower than the timing 
corresponding to the driving state when the throttle valve is totally closed, and is 
further provided with: 

an intake pressure detection means for detecting intake pressure of the intake passage 
downstream of the throttle valve, and 

a timing correction means for making the closure timing of the intake valve once 
delayed by the timing switching control means to be faster to restore the intake 
pressure to a pre -determined value when the condition of the throttle valve detected by 
the throttle total closure detection means is totally closed and the intake pressure 
detected by the intake pressure detection means is lower than a pre-determined value. 

[Detailed Description of InventionI 

[Field of Application] 

The present invention relates to a variable valve timing control device for controlling 
the timing of opening and closing an intake valve of a combustion engine. 



[0002] 



[Prior Art] 



In conventional engines used heretofore, the amount of air mixture to the combustion 
chamber is adjusted by reducing the amount of intake air through a throttle valve. 
However, when the amount of intake air is reduced by throttle valve during engine 
intake process, pumping loss is produced resulting in the problem of poor fiiel 
efficiency. 

[0003] 

Various technologies (for example, the "Intake Air Amount Control Device In A 
Combustion Engine" disclosed in Japan Laid Open Patent Publication S59' 119007) are 
proposed to overcome aforementioned problem and the like by making the closure of 
the intake valve to be slower during the lowload driving state. With such technology, 
because the timing of valve closure of the intake valve is delayed, air once introduced to 
combustion chamber is pushed back to the intake port side. Hence, the amount of the 
intake air matches the low-load state (small amount), reducing the pumping loss and 
improving fiiel efficiency. 

[0004] 

[Problem Overcome by Invention] 

However, in the prior art technology, when the throttle valve is totally closed to 
decelerate during the lowload state, for example, intake pressure becomes low 
particularly in the high rpm range. In such a state, so-called oil rise occurs in which 
engine oil is taken into the combustion chamber side through the space between the 
cylinder and the piston due to lowering of intake pressure described above, creating the 
problem of increased oil consumption. 

[0005] 

Considering this, the present invention has the objective of providing a variable valve 
timing control device that enables reduction of wasteful oil consumption by preventing 
a drastic drop in intake pressure during the throttle total closure state to control oil 



rise caused by the intake pressure drop while reducing pumping loss and improving 
fuel efficiency. 

[0006] 

[Problem Resolution Means] 

In order to achieve above objectives, the present invention provides a variable valve 
timing control device, of a type of a variable valve timing control device comprising a 
variable valve timing mechanism M5 for adjusting the closure timing of the intake 
valve M4 that opens and closes intake passage M3 to the combustion chamber M2 in a 
combustion engine Ml based on the driving state of the combustion engine Ml, a 
driving state detection means M6 for detecting the driving state of the combustion 
engine Ml, a throttle total closure detection means M8 for detecting whether or not the 
throttle valve M7 installed in the intake passage M3 is totally closed, and a timing 
switching control means M9 for setting the closure timing of the intake valve M4 
through the variable, valve timing mechanism MS to a timing corresponding to the 
driving state detected by the driving state detection means M6 when the condition of 
the throttle valve M7 detected by the throttle total closure detection means M8 is not 
totally closed, and setting the closure timing of the intake valve M4 to a timing slower 
than the timing corresponding to the driving state when the throttle valve M7 is totally 
closed, and further comprising, an intake pressure detection means MIO for detecting 
intake pressure of the intake passage M3 downstream of the throttle valve M7, and a 
timing correction means Mil for making the closure timing of the intake valve M4 once 
delayed by the timing switching control means M9 faster to restore the intake pressure 
to a pre-determined value when the condition of the throttle valve M7 detected by the 
throttle total closure detection means M8 is totally closed and the intake pressure 
detected by the intake pressure detection means MlO is lower than a pro-determined 
value, as described in Fig. 1. 

[0007] 

[Operation] 

During driving of combustion engine Ml, driving state detection means M6 detects the 
driving state, and throttle total closure detection means MS detects whether or not the 



throttle valve M7 is totally closed. If the condition of throttle valve M7 is not totally 
closed, timing switching control means M9 sets the closure timing of intake valve M4 
through variable valve timing mechanism M5 to timing corresponding to the driving 
state detected by the driving state detection means M6. Moreover, if the throttle valve 
M7 is totally closed, the timing switching control means M9 sets the closure timing of 
the intake valve M4 to timing slower than the timing corresponding to the driving 
state. 

[0008] 

When the closure timing of the intake valve M4 is being controlled, the intake pressiure 
of intake passage M3 downstream of throttle valve M7 is detected by intake pressure 
detection means MlO. Moreover, if the condition of throttle valve M7 detected by 
throttle valve total closure detection means M8 is totally closed and the intake 
pressure detected by intake pressure detection means MlO is lower than a 
pre-determined pressure, timing correction means Mil expands the amount of valve 
overlap by making closure timing of intake valve M4, which once is delayed by the 
timing switching control means M9, fieister in order to restore the intake pressure 
detected by intake pressure detection means MlO to a pre*determined value. 

[0009] 

Hence, even though intake pressure decreases during total closure of throttle valve M7, 
particularly in high rotation range, the intake pressure is restored to a pre -determined 
value by making the closure tuning of intake valve M4 faster. For this reason, 
occurrence of oil rise may be prevented by setting a pre determined value to the value 
that prevents suction of engine oil to combustion chamber side through a space 
. between the cylinder and the piston. 

[0010] 

[Embodiment] 

An embodiment of the present invention is described hereafter, using Fig. 2 - Fig. 8 as 
a reference. Fig. 2 illustrates a schematic structure of a multi-cylinder gasoline 
engine 1 (only one cylinder is represented) comprising the variable valve timing device 



of the present embodiment. Piston 3 which moves vertically with the rotation of the 
crankshaft is housed in cylinder 2 of engine 1. Combustion chamber 4 is formed above 
piston 3 and intake passage 5 and exhaust passage 6 are connected to the combustion 
chamber 4. The connection section of combustion chamber 4 and intake passage 5 is 
intake port 7 that is opened or closed by intake valve 9 that is attached, free to move 
vertically, to cylinder head 8. Moreover, the connection section of combustion chamber 
4 and exhaust passage 6 is exhaust port 11 that is opened or closed by exhaust valve 12 
that is attached, free to move vertically, to cylinder head 8. 

[0011] 

Intake valve 9 and exhaust valve 12 comprises respectively stem 9a and 12a extending 
upwards, and valve springs 13, 14 in compressed state, valve lifters 15, 16 and the like 
are attached to the top of each of the stems 9a, 12a. Intake side camshaft 17 and 
exhaust side camshaft 18 are provided, free to rotate, above each of valve lifters 15 and 
16. To each of camshafts 17, 18, cams 17a and 18a that opens and closes the intake 
valve 9 and exhaust valve 12 are respectively integrated to form one unit. Timing 
pulleys 21 and 22 are respectively attached to the tip section of intake side camshaft 17 
and exhaust side camshaft 18 with both timing pulleys 21 and 22 being connected to 
the crankshaft by means of a timing belt. 

[0012] 

Moreover, the valve spring 13, 14 energize intake valve 9 and exhaust valve 12 upward 
so that valve lifters 15, 16 are always in contact with cams 17a and 18a respectively. 
The direction of energizing is the direction in which the intake port 7 and exhaust port 
11 are closed, owing to which, when the rotation of the crank shaft is transmitted to 
each of timing pulleys 21, 22 by means of a timing belt, intake side camshaft 17 and 
exhaust side cam shaft 18 rotate. With this, cams 17a, 18a periodically push valve 
Ufters 15, 16 against energized force of valve spring 13, 14, and these valve lifters 15, 
16 push intake valve 9 and exhaust valve 12 downward to cause opening and closing 
operations* 



[0013] 



Fuel injection valve 23 is installed in the vicinity of intake port 7 in the intake passage 
5. Moreover, throttle valve that opens and closes interlocking with operation of axel 
pedal 24 is provided in intake passage 5 in the upstream side from the fuel injection 
valve 23. Moreover, opening and closing of the throttle valve 25 controls the amount 
of intake air to intake passage 5. Furthermore, surge tank 26 for smoothing pulse of 
intake air is arranged between fuel injection valve 23 and throttle valve 25. 

[0014] 

The mixture consisting of fiiel to be injected from the fuel injection valve 23 and 
external air to be introduced into intake passage 5 is introduced to combustion 
chamber through intake port 7 when intake valve 9 is opened. Ignition plug 27 for 
igniting the mixture being introduced to the combustion chamber 4 is attached to 
cylinder head 8. Ignition plug 27 is driven by the ignition signals to be distributed by 
distributor 28. Distributor 28 synchronizes high voltage to be output by igniter 29 
with crank angle of engine I and distribute the voltage to ignition plug 27. Moreover, 
by ignition of the ignition plug 27, the mixture introduced to combustion chamber 4 is 
exploded and combusted and the driving force of engine I is obtained through piston 3, 
the crankshaft and the like. The combusted gas, after combustion in combustion 
chamber 4 the in above manner, is exhausted externally through exhaust passage 6 
from exhaust port 11 with the opening of exhaust valve 12. 

[0015] 

The following various sensors are provided for detection of driving state of the engine 1. 
Throttle opening level sensor 31 is attached in the vicinity of the throttle valve 25 to 
determine whether or not the throttle valve 25 is in total closure state and to detect 
throttle opening level TA if the throttle valve 25 is not in total closure state. The 
throttle opening level sensor 31 constitutes a throttle total closure detection means as 
well. Intake pressure sensor 32 for detecting intake pressure MV is provided in 
aforementioned surge tank 26. Moreover, rotor 28a to be rotated interlocking rotation 
of engine 1, and rotation number sensor 33 for detecting engine rotation number NE 
based on the rotation of the rotor 28a are provided in distributor 28. Water 
temperature sensor 34 for detecting cooUng water temperature THW is attached to 
cylinder block 19 of engine 1. 



[0016] 



In addition to the basic structure of engine 1, the present embodiment installs a 
variable valve timing mechanism for adjusting closure timing of the intake valve 9, 
which is illustrated in Fig. 3. The variable valve timing mechanism 35 will be 
described in detail, hereafter. 

[0017] 

Timing pulley 21 installed at the tip (left edge of Fig. 3) of the intake side camshaft 17 
has virtually disk shape with outer gear 21a having numerous teeth formed along the 
perimeter and boss 21b formed in the center section of the disk. Moreover, cylindrical 
member 21c is formed between outer gear 21a and boss 21b. Furthermore, timing 
pulley 21 is engaged, free to rotate, in the perimeter of the tip section of intake side 
camshaft at boss 21b. 

[0018] 

Inner sleeve 36 is attached at the tip surface of the intake side camshaft 17. Inner 
sleeve 36 comprises large cylinder section 36a and small cylinder part 36b extending 
opposite from large cylinder part 36a. Inner sleeve 36 rotates relative to timing pulley 
21 through engagement of large cylinder part 36a with outer perimeter of the boss 21b. 
Moreover, inner sleeve 36 is anchored by bolt 37 and knock pin 38 in such a manner 
that it does not rotate relative to the edge section of intake side camshaft 17. The 
inner sleeve 36 restricts movement of the timing sleeve 21 in the axis direction of 
intake side camshaft 17. 

[0019] 

The timing pulley 21 and inner sleeve 36 are joined by outer sleeve 39. Outer sleeve 
39 comprises outer cylinder part 39a and inner cylinder part 39b, forming double 
cylinder shape. Outer cylinder part 39a of outer sleeve 39 engages the outer 
perimeter of cylinder part 21c of timing sleeve 39, and inner cylinder part 39b of the 
outer sleeve 39 is inserted between cylinder part 21c of timing pulley 21 and large 
cylinder part 36a of inner sleeve 36. 



[0020] 



Moreover, helical gears 36c, 39c, 39d, 2 Id are formed along outer perimeter of large 
cylinder part 36 of inner sleeve 36, along inner and outer perimeters of inner cylinder 
part 39b of outer sleeve 39, and along inner perimeter of cylinder part 21c of timing 
sleeve 21. These helical gears 36c, 39c, 39d, 2 Id mutually engage with one another, 
which causes intake side camshaft 17 to rotate relative to timing pulley 21 with 
movement of outer sleeve 39 in the axis direction. 

[0021] 

Timing belt 41 is hung on outer gear 21a of timing puUey 21, and, as explained before, 
rotation of the crankshaft is transmitted to timing pulley 21 by timing belt 41. Hence, 
through the transmission of this rotation force, timing pulley 21 and inner sleeve 36 
which are joined by outer sleeve 39 rotate as one unit, and intake side camshaft 17 
which is joined to inner sleeve 36 by bolt 37 and knock pin 38 rotates with inner sleeve 
36 as one unit. 

[0022] 

Step motor 42 is provided in the vicinity of the outer sleeve 39 for moving outer sleeve 
39 in the axis direction of intake side camshaft 17. Step motor 42 is a motor that 
rotates by certain angle when pulse signal is input. Driving cylinder 43a with exposed 
rear surface is attached to the output axis of the step motor 42. Outer screw 43a is 
engraved on the outer perimeter of driving cyUnder 43 to form worm gear. Moreover, 
cylindrical guide member 45 is anchored on step motor 42 in such a manner that it 
covers driving cylinder 43. 

[0023] 

Driving cylinder 43, running through the center section of outer sleeve 39, 
engages in outer perimeter of small cylinder part 36b of the inner sleeve 36 in such a 
manner that they rotate relative to each other. Meanwhile, bearing 44 having inner 
screw 44a along inner perimeter is installed on outer sleeve 39 in such a manner that 
they rotate relative to each other. Moreover, inner screw 44a of bearing 44 and outer 
screw 43a of driving cylinder 43 mesh with each other. 



[0024] 



Groove 44b extending in axis direction is formed on some parts of outer perimeter 
surface of the bearing 44. Protrusion 45a provided in the inner perimeter of the guide 
member 45 protrudes in groove 44b. Protrusion 45a stops rotation of the bearing 44, 
at the same time enables movement in axis direction. Hence, when timing pulley 21 
and intake side camshaft 17 rotate as one unit and driving cylinder 43 rotates by a 
pre'determined angle being driven by step motor 42, bearing 44, unable to rotate, 
moves in the axis direction. With this movement, outer sleeve 39, to which bearing 44 
is attached, moves the same axis direction, causing timing sleeve 21 and intake side 
camshaft 17 to rotate relative to each other, and twist is generated on the intake side 
camshaft 17. 

[0025] 

As described above, in the variable valve timing mechanism 335 of the present 
embodiment, position of outer sleeve 39 in the axis direction is changed by driving 
control of step motor 42, as a result of which, twist is generated in intake side camshaft 
17. This twist causes adjustment of the closure timing of intake valve 9. In the 
present embodiment, with clockwise rotation of driving cylinder 43 of step motor 42, 
outer sleeve 39 moves to the right in Fig. 3, causing closure timing of intake valve 9 to 
be faster. Moreover, with counterclockwise rotation of driving cyhnder 43, outer 
sleeve 39 moves to the left in Fig. 3, causing the closure timing of the intake valve 9 to 
be slower. 

[0026] 

Here, oil passages 46, 47 are formed inside intake side camshaft 17 for supplying 
lubrication oil inside timing pulley 21. 

[0027] 

In Fig. 2, the throttle opening level sensor 31, intake pressure sensor 32, rotation 
number sensor 33 and water temperature sensor 34 are electrically connected at the 
input side of electronic control unit (ECU) 48. Moreover, step motor 42 is electrically 
connected to the output side of electronic control unit (ECU) 48. ECU 48 comprises a 



central processing unit (hereafter, CPU) 49 functioning as timing switching control 
means and timing correction means, reading only memory (hereafter, ROM) 51, 
random access memory (hereafter RAM) 52, input port 53, and output port 54, all of 
which are mutually connected by bus 55. CPU 49 executes various algorithms based 
on preprogrammed control program. ROM 51 stores beforehand control programs and 
initial data necessary for CPU 49 to execute algorithm. Moreover, RAM 52 
temporarily stores the results of an algorithm by CPU 49. 

[0028] 

CPU 49 inputs signals from the throttle opening level sensor 31, intake pressure sensor 
32, rotation number sensor 33 and water temperature sensor 34 through input port 53. 
CPU 39 outputs driving signals to step motor 42, in order to control the closure timing 
of intake valve 9 responding to these detection signals. 

[0029] 

The operation and ef&cacy of the present embodiment with aforementioned structure 
will be described next. Fig. 4 and Fig. 5 are flowcharts for controlling the closure 
timing of intake valve 9 out of each process to be executed by CPU 49. The flowcharts 
are executed with fixed time interruption for each a pre-determined time interval. 

[0030] 

When the process moves to this routine, CPU 49 first reads detection signals firom 
throttle opening level sensor 31 and determines whether or not throttle valve 25 is in 
totally closed state In step 101. If throttle valve 25 is not in totally closed state, CPU 
.49 adjusts the closure timing of intake valve 9 to be the timing corresponding to the 
driving state at that time process 102 and thereafter. 

[0031] 

In step 102, CPU 49 computes a target closure timing of intake valve 9 corresponding 
to the driving state of engine 1 at that time. To do this, CPU 49 reads throttle opening 
level TA detected by throttle opening level sensor 31, engine rotation number NE 



detected by rotation number sensor 33, and cooling water temperature THW detected 
by water temperature sensor 34. 

[0032] 

CPU 49 computes the target closure timing at that time from throttle opening level TA 
and engine rotation number NE with reference to the map in Fijg. 6. This map is 
pre'stored in ROM 51, the closure timing of intake valve 9 with parameters of engine 
rotation number NE and throttle opening level TA is regulated in the map. The 
closure timing of intake valve here is given in terms of an angle. More precisely, the 
angle by which piston 3 advances to close intake valve from the reference point where 
piston 3 is at the bottom dead center angle is given in numerical value. In the present 
embodiment, the closure timing is set in the range of 40° (the fastest closure timing) to 
110° (the slowest closure timing) from the point where pistpn is at the bottom dead 
center. 

[0033] 

Moreover, in order to close intake valve 9 with the timings, CPU 49 computes 
necessary steps of rotation of driving cylinder 43 of step motor 42 busing a 
pre-determined algorithms. Result of the algorithm is defined as the target step 
number Vstep. Moreover, CPU 49 executes necessary correction of target step number 
Vstep computed in the manner explained above corresponding to cooling water 
temperature THW at that time. 

[0034] 

Next, COU 49 reads real step number Vposit of step motor 42 which is stored in a 
pre-determined area of RAM 52 In step 103 in Fig. 4. This real step number Vposit 
represents a value indicating by how many steps step motor is actually advanced or 
delayed in the angle from a reference angle. Moreover, CPU 49 subtracts real step 
number Vposit from target step number Vstep which is computed at the step 102, and 
defines it as step number STEP. This step number STEP represents a deviation of 
actual closure timing from target closure timing of intake valve 9 indicated as step 
number for step motor 42 to be rotated. 



[0035] 



Next In step 104, CPU 49 determines whether or not the step number STEP is 0. If 
step number STEP is "0", CPU 49 decides that closure timing of intake valve 9 coincide 
with the target closure timing, and completes the current routine for time being. If 
step number STEP is not "O**, CPU 49 decides that the closure timing of intake valve 9 
is deviated from the target closure timing and moves to step 105. 

[0036J 

In step 105, CPU 49 determines whether or not step number STEP is greater than "0". 
If step number STEP is greater than "0", CPU 49 decides thin step motor 42 needs to 
be rotated clockwise, and makes rotation direction indication flag DIR "0" In step 106. 
Moreover, if step number STEP is "0" or less, CPU 49 decides thin step motor 42 needs 
to be rotated counterclockwise, and makes the rotation direction indication flag "1" at 
107. In this case, step number STEP that represents the number of steps step motor 

42 is to be rotated, which is computed In step 103, becomes negative, and hence, In 
step 108, the number is changed to positive number by taking absolute value of the 
number. 

[0037] 

Next In step 109, CPU 49 determines whether or not rotation direction indication flag 
DIR is "1". If rotation direction indication flag is "1", CPU 49 outputs driving signal to 
step motor 42 through output port 54 for driving cylinder 43 of step motor 54 to rotate 

counterclockwise In step 110. Then driving cylinder 43 rotates counterclockwise by 
the angle corresponding to 1 step, and outer sleeve 39 moves to the left in Fig. 3. This 
creates twist in intake side camshaft 17 due to rotation of timing sleeve 39 and intake 
side camshaft 17 relative to each other, which causes delay in closure timing of intake 
valve 9. 

[0038] 

Conversely, if rotation direction indication flag DIR is "0" at the step 109, CPU 49 CPU 
49 outputs driving signal to step motor 42 through output port 54 for driving cylinder 

43 of step motor 54 to rotate clockwise In step 111. Then driving cylinder 43 rotates 



clockwise by the angle corresponding to 1 step, and outer sleeve 39 moves to the right 
in Fig. 3. This creates twist in intake side camshaft 17 due to rotation of timing sleeve 
39 and intake side camshaft 17 relative to each other, which causes speed-up in closure 
timing of intake valve 9. 

[0039] 

Next, CPU 49 subtracts T from step number STEP in the step 103, and replace the 
number in step number STEP with new number In step 112. Moreover, CPU 49 
determines In step 113 whether or not step number STEP is "0", and repeats the 
process of step 103 ^ 112 until step number STEP becomes "0". As a result, step 
motor 42 rotates in a pre -determined direction equivalent to the number in step 
number STEP obtained in the step 103, and the closure timing of intake valve 9 equals 
the closure timing of intake valve 9. 

[0040] 

If throttle valve 25 is in total closure state at the step 101, CPU 49 decides that the 
vehicle is in deceleration state, moves to step 120 in Fig. 5, and reads intake pressure 
with intake pressure sensor 32. Moreover, CPU 49 determines whether or not intake 
pressure just read is lower than target intake pressure MVr. This target intake 
pressure MVr is the lowest intake pressure for preventing occurrence of so-called oil 
rise, namely, suction of engine oil into combustion chamber 4 through a space between 
cylinder 2 and piston 3. Target intake pressure is set in ROM 51 beforehand. If 
intake pressure MV is equal to or higher than target intake pressure MVr (MV > MVr), 
CPU 49 decides that oil rise does not occur with the closure timing of intake valve 9 at 
that time, and executes step 122. 

[0041] 

In other words, CPU 49 subtracts a pre-determined step number x from target step 
number Vstep obtained at the step 102 to make closure timing of intake valve . as slow 
as possible, and executes step 103 and thereafter. Then the closure timing of intake 
valve 9 becomes slower, which pushes back air once introduced in combustion chamber 
4 to intake port 7 side, it reduces the amount of intake air to match the load (small 
amount), and pumping loss is minimized. Hence, fuel efi&ciency is improved. 



[0042] 



On the other hand, if intake pressure MV is lower than target intake pressure MVr 
(MV < MVr), CPU 49 adds a pre-determined step number a to target step number 
Vstep obtained at the step 102 to make target closure timing of intake valve become 
faster by a pre-determined timing. Next, CPU 49 replaces target step number Vstep 
with the number obtained by adding a, and executes the step 103 and thereafter. 
Then the closure timing of intake valve 9 is sped-up by a pre-determined timing, which 
causes intake pressure to rise slightly. Moreover, he process at this step 1023 is 
repeated until valve overlap becomes greater than "0**" and intake pressure MV 
becomes equal to target intake pressure MVr. 

[0043] 

Here, if closure timing of intake valve 9 is made uniformly to the slowest timing (110°) 
regardless of engine rotation number ME during total closure of throttle valve 25, 
which is illustrated by broken line in Fig. 8, intake pressure MV tends to drop with 
increase in engine rotation number NE, which is indicated by the broken line in Fig. 7. 
In order to make this intake pressure MV greater than or equal to target intake 
pressure MVr, the closure timing of intake valve 9 needs to be made faster with 
increase in engine rotation number NE, which is indicated by real line in Fig. 8. 

[0044] 

Moreover, when intake pressure MV becomes greater than or equal to target intake 
valve MVr at the step 105 in Fig. 5, CPU 49 executes step 122 and thereafter. Hence, 
intake pressure MV is maintained to be target intake pressure MVr. 

[0045] 

In the present embodiment as described thus far, the closure timing of intake valve 9 is 
made to be the timing corresponding to the driving state at that time if throttle valve 
25 is not in total closure state (step 102), and the closure timing of intake valve 9 is 
made to be slower than the timing corresponding to the driving state at that time if 
throttle valve 25 is in total closure state (step 110). Moreover, if throttle valve 25 is in 
total closure state and intake pressure MV is lower than a pre-determined value 



(target intake pressure MVr), the closure timing (110**) of intake valve 9, which is once 
made slower, is made to be faster to raise intake pressure MV to equal the target 
intake pressure MVr (step 123). 

[0046] 

For this reason, unlike a prior art wherein the closure timing of the intake valve is 
uniformly made to be slower during throttle total closure deceleration time, which 
causes intake pressure drop at high rpm range (see broken line in Fig. 7), the present 
embodiment enables expansion of valve overlap by speeding up the closure timing of 
intake valve 9 and rise of the low intake pressure MV. In fact, expansion of valve 
overlap causes flow from exhaust side with high pressure to intake side, which results 
in increasing intake pipe pressure. As a result, oil rise is controlled while pumping 
loss is reduced and fuel efficiency is improved during lowload state, and sharp rise in 
oil consumption is prevented. 

[0047] 

[Efficacy of Invention] 

From the description thus far, it is clear that present invention enables speeding up of 
once delayed closure timing of the intake valve in order to make intake valve equal to a 
pre-determined value when the throttle valve is in total closure state and the intake 
pressure in the intake passage in the downstream side from the throttle valve is lower 
than a pre -determined value, hence, extreme drop of intake pressure during total 
closure state of throttle valve is prevented and oil rise due to intake pressure drop is 
controlled while pumping loss is reduced and fuel efficiency is improved. In short, the 
present invention displays superior effect of reducing wasteful oil consumption. 



[Brief Description of Drawing] 

Fig. 1 Drawing illustrating conceptual structure of the present invention 

Fig.2 Drawing illustrating schematic structure of a variable valve timing control 

device in the present embodiment of the present invention 

Fig. 3 Enlarged cross-section of a variable valve timing mechanism in an embodiment 
Fig. 4 Flowcharts describing a closure timing control of the intake valve in an 
embodiment 

Fig. 5 Flowcharts describing a closure timing control of the intake valve in an 
embodiment 

Fig. 6 Drawing illustrating a map in which the closure timing of the intake valve is a . 
pre'determined with parameters of engine rotation number and throttle opening level 
in an embodiment 

Fig. 7 Drawing describing a relationship between engine rotation number and intake 

pressure 

Fig. 8 Drawing describing a relationship between engine rotation number and the 
closure timing of the intake valve 



[Explanation of Symbols] 



L. .Engine as combustion mechanism 4... Combustion chamber 5.. .Intake passage 
9.. .Intake valve 25.. .Throttle valve 31. ..Throttle opening level sensor 

constituting part of driving state detection means and throttle total closure detection 
means 32.. .Intake pressure sensor as intake pressure detection means 
33... Rotation number sensor constituting part of driving state detection means 34... 
Water temperature sensor constituting part of driving state detection means 
35... Variable valve timing mechanism 49... CPU constituting timing switching 
control means and timing correction means 

[Fig. 2] 

54. Output port 53. Input port 
1. Engine 

4. Combustion chamber 

5. Intake passage 
9. Intake valve 
25. Throttle valve 

31. Throttle valve opening level sensor 

32. Intake pressure sensor 

33. Rotation number sensor 

34. Water temperature sensor 



[Fig. 1] 



M 1 . Combustion engine 

M2. Combustion chamber 

M3. Intake passage 

M4. Intake valve 

M5. Variable valve timing mechanism 

M7. Throttle valve 

M8. Throttle total closure detection means 

MIO. Intake pressure detection means 

Mil Timing correction means 

M9 Timing switching control means 

M6. Driving state detection means 

[Fig. 31 

35. Variable valve timing mechanism 
lFig.5] 

120. Read intake pressure MV 

121. IsMV<MVr? 
[Fig. 41 

Start 

101. Is throttle totally closed? 

110. Counterclockwise rotation command 

111. Clockwise rotation command 
Return 

[Fig. 61 

Throttle opening level 

Intake valve closure timing 
Engine rotation number NE 



[Fig. 7] 

Throttle totally open 

Atmospheric pressure 
Intake pressure 

Throttle totally closed (embodiment) 
Throttle totally closed (prior art) 
Engine rotation number NE 

[Fig. 8] 

Throttle totally closed (prior art) 

Closure timing of intake valve 
Slow 

Throttle totally closed (embodiment) 

Fast 

Engine rotation number NE 



